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UNDER WA1CR 111EA1MENT 

This inveniiort relates to an electrosurgica] insuuroent for the treatment of tissue in the 
presence of an dectrically-conductive fluid medium, to electrosurgtcai apparatus including 
5 such an instrument, and to an electrode unit for use in such an instrumem. 

Endoscopic electrosurgery is usefiil for treating tissue in cavities of the body, and is 
nomiaHy pertbtmed in the presence of a distension medium. When the distension medium 
is a liquid, this is commonly referred to as underwater electrosurgery. this term denoting 
10 electrosurgery- in which living tissue is treated uang an electrosurgical instrument with a 
trcatmem elearode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterological surgery. 

15 

Underwater surgery is commonly performed using endoscopic techniques, in whidi the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode. Alternatively, the endoscope may be spedfieally adapted (as 
in a resectoscope) to include means for moummg an electrode, or the electrode may be 

20 inuoduced into a body cavity via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as triangulation. These variations in 
technique can be subdivided by surgical spedafity. where one or other of the techiuques 
has pattiadar adx-antages given the access route to the specific body cavity. Endoscopes 
with imegral nwlcing channels, or those charaaerised as resectoscopes. are generally 

25 employed when the body cavity may be accessed through a natural body open»i« - such 
as the cervical canal to access the endometrial cavity of the uterus, or the urethra to access 

the prostate gland and the bladder. Endoscopes specifically designed for use in the 
endometrial caxity are referred to as hysteroscopes, and those designed for use m the 
urinary traa inch>de cystoscopes. uretboscopes and resecMscopes. The procedures of 
30 • transurethal resecdoo or vaporisation of the prostate gland are known as TU^ 

respectivd>'. When there is no natural body openii« through which an endoscope may be 
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passed the technique of triangulation is commonty emplo\*ed. Triangulation is commonly 
used during underwater endoscopic surgery on joint ca\iiies such as the knee and the 
shoulder. The'endoscope used in these procedures . is commonly referred to as an 
anhroscope. 

5 

Electrosurgen' is usually carried out using either a monopolar instrument or a bipolar 
instrument. With monopolar dcctrosurgery, an aaivc electrode is used in the operating 
region^ and a conductive return plate is secured to the patient's skin. With this 
arrangement, current passes from the aaivc electrode through the patient's tissues to the 

10 external return plate. S'mce the patient represents a significant portion of the circuit, input 
power levds ha\'e to be high (typically 150 to 250 watu). to compensate for the resistive 
current tinntiiig of the patient's tissues and, in the case of underwater electrosurgery. power 
losses due to the fluid medium which is rendered partially conductive by the presence of 
blood or other body fluids. Using high power with a monopolar arrangement is also 

1 5 hazardous, due to the tissue heating that occurs at the return plate, which can cause^severe 
skin bums. There is also the risk of capadtive coupling between the instrument and patient 
tissues at the entry point into the body cavity; 

With bipolar electrosurgcry. a pair of elecuodes (an active dectrode and a return 
20 dectrode) are used together at the tissue application site. This arrangement has advantages 
from the safety standpoint due to the rdarivc proximity of the two electrodes so that radio 
frequency currents are limited to the retpon between the electrodes. However, the depth 
of effect is direcdy related to the (fisiance between the two clccirodcs; and, in iq>prtcattons 
requiring very small dectrodes, the micr-dcctrode spacing becomes very smaH therd»y 
25 limiting tissue effect and the output power. Spacing the dectrodes further apan would 
often obscure viaon of the apptication site, and would require a modification in surgical 
technique to ensure direct contact of both dectrodes with the tissue. 

There are a number of variations to the basic design of the bipolar probe. For example, 
30 U.S. Patent Spedfication No.4706667 descnbcs one of the frmdamentals of the deagn, 
namdy that the ratio of the contact areas of the return dectrode and of the active dectrode 
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is greater than 7: 1 and stnailer than 20: 1 for cutting purposes. This range relates only to 
cutting eJearode configurations. When a bipolar instrument is used Tor desiccation or 
coagulation, the ratio of the contact areas of the two d^rodes-may be reduced to - 
approximately t : 1 to avoid dtfferemial electrical stresses occurring at the contact between 
5 the tissue and the electrode. 

The electricai junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 
effect is limited to the needle or active electrode, with the dectric circuit between the two 

to electrodes bdng completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return dectrode to 
complete the circuit. Another problem is one of the orientation, even a rdatively small 
change in application angle from the ideal perpendicular contact with respect to the tissue 
surfece; will change the contact area ratio, so that a surgical effect can occur in the tissue 

] 5 in contact with the return dectrode. 

Cavity distension provides space for gaiiiingr access, ta the: o improve 
visualisation, and to allow for manipulation of instnimems. In low vohmie body cavities, 
particularly where it is desirable to distend the cavity under higher pressure, liquid rather 
20 than gas is more commonly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater dectrosurgcry has been performed using a non-conductive liquid 
(such as 1.5% glycine) as an trrigant, or as a distension medium to diimnate dectrical 
25 conduaion losses. Gycine is used in isotonic concentrations to prevent osmotic changes 
in the blood when intra-vascular absorption occurs. In the course of an operation, veins 
may be severed, with resultant infiiston of tte Bquid into the ctrculatton, which could cause, 
amoi^ other things, a dihttion of serum soditmt whidi can lead to a condition known as 
water intoxication. 



30 
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The applicants have found that it is possible to use a conductive liquid medium, such as 
normal saline, in underwater endoscopic eJectrosurgcry in place of non-conductive, 
electrolyte-free solutions. Nonnal saline is the preferred distension medium in underwater 
endoscopic surgery when dectrosurgery is not contemplated or a non^ectrical tissue 
effect such as laser uratmeni is being used. Although normal saline (0.9%w/v: 150mmol/l) 
has an electrical conductivity somewhat greater than that of most body tissue, it has the 
advantage that displacement by absorption or extravasation from the operative site 
produces lirtle physiological effect, and the so-called water intoxication effects of non- 
conductive, elearolyte-fiw sohitions are avoided. 

Carbon dioxide is the preferred gaseous distension medhim, primarily because of its non- 
toxic nature and high water, solubility. 

In endoscopic procedures in which the distension medmm is a gas. the applicants have 
15 found that it is possible to use^ an decirically-^nductive gasi (such :as aigon> in pl^ of 
carbon dioxide. .Argon is conductive v**cn excited into a discharge state, and has been 
employed in both endoscopic and:conventionat monopolar decirosurgery^^ a method of 
increasing the distance between the tissue and the instrument, by providing a conductive 
path between the iwt) when high voltage dectrosurgical/outputs such as spray or fulgurate 

20 are being used. The high voltages used in this application result in a very low penetration 
of the dectrosurgfcal effect into the tissue, making the technique only suitable to control 
bleedmg from multiple smaO blood vessels. This allows the surgeon to staunch bleeding 
from multiple sites in a swpcal sites in a surgical wound usiiig a rapid •paimii^ 
technique, rather than applying dectrosurgery to each individual bleedii^ site. The argon 

25 gas is delivered through a hoOow surgical instiumem, and passes over the monopolar 
dectrodc exposed at the tip of the instrument as a streani TWs produces a re^n at the 
operative ate wKch is rich in argon, and which contributes to the distension of the body 
cavity. High voltage monopolar dectrosurgical outputs are undesirable in endoscopic 
surgery, because of the risks of damag^ structures outside the fieM of visbn. by either 

30 capadtive or direa coupfu^ to a portion of the instrument remote from the operative site 
often outside the freld of vision of the operator. 



wo 97/4S346 PCT/GB97y01632 

5 

The appiicams have devetoped a bipolar mstmment suitable for undenvater electrosurgery 
using a conductive tiquid or gaseous niedium. This dearosurgicaJ instniment for the 
treatment of dsAie in the presence of a fiuid medium* comprises an instniment body, having 
a handpiece and an instrument shaft and an electrode assembly, at one end of the shaft. The 
S electrode assembly comprises a tissue treatntent (active) electrode which is exposed at the 
extren^ distal end of the instiumenU and a return electrode which is etectncally insulated 
firom the tissue treatment electrode and has a ftusd contaa surface spaced proximalK* from 
the exposed pan of the tissue treatment electrode. In use of the instniment, the tissue 
u-eatment electrode is applied to the tissue to be treated whilst the return electrode, being 
10 spaced proximally from the exposed part of the tissue aeatmcnt electrode, is normally 
spaced from the tissue and serves to complete an elearosurgical current loop from the 
tissue treatment electrode through the tissue and the fluid medium. This electrosurgical 
instrument is described in the specification of our European Patent Application 
96918786.1. 

15 

The electrode structure of this tnstrumcnl, in combination with an electrically-conductive 
fluid medhim;; largely avoid^nhe. problenuu experienced. with:.;monopoiar or. bipolar 
electrosurgery. In panicular, input power levels arc much lower than those generally 
necessary with a monopolar arrangement (typically 100 watts). Moreover, because of the 
20 relatively large spacing between its elearodes, an improved depth of effect is obtained 
compared with conventional bipolar arrangements. 

The specification of our International Patent Application GB96/01472 describes an 
irrigated bipolar electrosurgica] instniment that can be used in open air or gas-filled 

25 environments. This instrument includes an internal channel for feeding decirically- 
conductive fluid (typically saline) to the exposed end of a tissue treatment electrode so as 
to provide a conductive fluid path that completes an dectrical circuit to a rcttira electrode 
when the instrument is in use. This instnmient also includes an internal channel for 
renMyvii^ fluid fiom the region ofthe exposed end of the tissue treatnnentdec^^ When 

30 the fluid is a liquid, such as saHne, the presence of ttot liquid can cause collateral tissue 
damage, so its renroval is dearable. This type of instrument is nitesided primarily for use 
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in open air or gas-filled environments^ and is not suitable for use with dcctrosurgical 
procedures which require distenaon of a body cavity. 

However, where the vohimc of a body cavity is srrudi - for example in arthroscopic surgery 
5 where even the large joints, such as the knee, may only accommodate 50-60 ml of 
irrigation fluid - the following problems n»ay occur, namely: 

(i) Heated fluid in the immediate vicinity of the tissue comact electrode can cause 
collateral tissue damage; 
10 (ii) The products of the tissue vaporised by the tissue contact electrode can cause 
visualisation problems; and 

(iii) Soft tissue prescm in a joint space tends to move about, making it difficuh to apply 
the active electrode to vaporise such tissue. 

IS An anhroscope electrode maybe characterised as short (100 to 140 nam), and ri^ with 
a woricing diameter up to 5 mm: It can beintroduced through a stab incision imo a joint 
cavity (with or without a cannula) using the triangulatioa iedmique:- Such an dectrode is 
operated with a motion whkJi moves the dectrode between the 9 CT Clock and 3 CClock 
positions on the arthroscopic image. As a rcsuk, the tissue to be treated is usually 

20 approached at a shallow working angle with respect to the axis of the dectrode. An 
arthroscopic dearode thus needs to have an effect consistent with this angled approach 
to the tissue. The tissue to be treated, sudi as memscal carrilagc. is comnEionly dense and 
of a high dectrical impedance. An arthroscopc decmwle requires output power and 
vokage settings that rcflert the type of tissue being ueated, the size of dectrode, and the 

25 tothatarthroscojmisareseekmgaspecdofeffcaconiparablctoi^^ 

shaver devices they currently employ, albdt with an dectrode of smaUer dhncnsions than 
a shaver blade for unproved access. 



The am of the invention is to provide an improved dectrosur^cal instrument of this type. 

30 
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The present invcniion provides a eleciroairgical instnimcnt for the ircatmcm of tissue in 
the presence of an dectrically-conductivc fluid medium, the instrumoii comprising an 
instrument shaa and an electrode assembly at one.cnd of the shaft, the electrode assembly 
comprising a tissue treatment electrode and a return electrode which is electrically 

5 insulated from the tissue treatment electrode by means of an insulation member, the tisaie 
treatment eiearode having an exposed end for treatmg tissue, and the return electrode 
having a fluid contact surfecc which is spaced from the tissue treatment electrode in such 
a manner as to define, in use. a conductive fluid path that completes an electrical circuit 
between the tissue treatment electrode and the return dectrodc, wherein the electrode 

10 assembly is provided with a phirafity of apertures in the rwion of the tissue treatment 
eiearode. through which apertures vapour bubbles and/or particulate material can be 
aspirated from the region surrounding the tissue treatment dectrode. 

In a preferred cmbodhncnt. the instrument fimhcr comprises a pump for subjecting the 
15 distal endportion oftheinstiumem shaft toa^subratmospheric^prw^ 

*m use, vapour bubbles and/or particulate maieriat through^^saidapertures from the region 
surrounding the tissue treatment electrode. • 

Advantageously, the pump is activated cyclically wherd)y naaner is aspirated in a pulsed 
20 fashion: The pump may additionally or akemadvdy be activated only when the tissue 
treatment dectrodc is powered for tissue vaporisation. 

Preferably, the instrument further comprise* an RF generator having a bipolar output 
conneaed to the tissue treatment dectrodc and the return dectrodc. In this case, the pump 
25 may be controfled in dependence upon the voltage output characteristics of the RF 
generator. 

The return dectrode is spaced from the tissue ireairnent dectrodc so 
not contact the tissue to be treated, and so that the dectrical drcuit is always completed 
30 by the conductive fluid, and not simply by arong between the dectrodcsMnde^ 
arranaement is such that ardng between adjacent parte of the dectrodc assembly is 
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avoided, thereby ensuring that the tissue treatment electrode can become enveloped in a 
vapour pocket so that tissue entering the vapour pooled becomes the preferred path for 
- current to flow back to the return ^ectrode via the conductive fluid. - 

5 The electrosurgica] instrument of the invention is useful for disseaton. resection, 
vaporisation, desiccation and coagulation of tissue, as well as for combinations of these 
functions. It has a particular application in arthroscopic surgery as it pertains to 
endoscopic and percutaneous procedures performed on joints of the body includins, but 
not limited to, such techniques as they apply to the spine and other non-synovial joints. 

10 Arthroscopic operative procedures may include: panial or complete menisceaomy of the 
knee joint inchiding meniscal cystectomy; lateral retinacular release of the knee joim; 
removal of anterior and posterior cruciate ligaments or remnants thereof, labral tear 
resection, acronuoplasty, bursectomy and subacronual decompression of the shoulder joint; 
anterior release of the lemperomandibular joint; synovectomy, cartilage debridement, 

15 chondropiasty, division of intra^-anioilar adhesioiis,^actuje'and>tendon debridementas^^ 
applied to any of the synovial^joints of'tbe body;- indudng thennal shrinkage of joint 
capsules as a treatment for recurrent dis]ocation;vsubhixationorrrepet]tive stress iiyury to 
any aniculated joint of the body; discectomy either in the treatment of a disc prolapse or 
as part of a spinal fusion m a posterior or anterior.approach to the cervicaL thoracic and 

20 lumbar spine or any other fibrous joim for similar purposes; excision of diseased tissue: and 
haemostasis. 

The instrument of the invention is also useful for disseaion, resection, vaporisation, 
desiccation and coagulation of tissue, as wdl as combinations of these fimctions, with 

25 panicular application in urologjcal endoscopic (urethroscopy, cystoscopy, ureteroscopy 
and nephroscopy) and percutaneous surgery. Urological procedures may iochide: dectro- 
vaporisation of the prostate s^and (EVAP) and other variants of the procedure conamonly 
refbred to as transurethral resection of the prostate (TURP) indudiiig. but 
interstitial ablation of the prostate gland by a percutaneous or penirethral route whether 

30 performed for benign or malignant <fisease; transurethral or percutaneous resection of 
urinary tract tumours as they may arise as primary or secondary neoplasms, and further as 



ihey may arise anywhere in the urotogical tract from the calyces of the kidney to the 
external urethral meatus; division of strictures as they may arise at the pclvhireteric 
jundion (PUJ), ureter, ur^OTl orifice, bladder neck or,urethra;._QOijecdQa ofureterocoele; 
shrinkage of bladder diverticular, cystoplaay procedures as they pertain to corrections of 
5 voiding dysfunction, thermally induced shrinkage of the pelvic floor as a corrective 
treatment for bladder neck descent; excision of diseased tissue; and haemostasis. 

Surgical procedures using the elcctrosurgical instrument of the invention may also include 
introducing the electrode assembly to the surgical site, whether through an artificial 

10 conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or one aeated surgically. The cavity or space may be distended during the 
procedure using a fluid, or may be naturally held open by anatomical structures. The 
surgical site may be bathed in a continuous flow of conductive fluid such* as saline solution 
either to fill and distend the cavity, or to create a locally-irrigated environment around the 

15 tip of the elecu-ode assembly in a gas filled cavity. The irrigating fluid may be aspirated 
from the surgical site to remove products created by application of the RF energy, tissue 
debris or blood. The procedures may inchidc simultaneous^ vicwii^ of the site via an 
endoscope, or using an indirea visualisation means. An irrigated bipolar electrosur^cal 
instmmcni is described in the specification of our International Patent Application 

20 GB96/0I472. 

Advantageously, the exposed end of the tissue treatment electrode extends laterally 
through a cut-out provided in the insulation member at the distal end portion of the 
instrument, the fluid contact surfece of the return dectrode overlying the insulation 
25 member in the region of the cut-out. 

In a preferred embodiment, a single coBcd filament constitutes the tissue treatment 
electrode, and said apertures arc formed in the insulation member, the apertures being 
positbned around and aj^accnt to, the tissue treatment electrode. Preferably, the filaroem 
30 has a diameter King within the range of from 0.05 nun to 1 .0 mm. 



wo 97/48346 PCT/GBr7A)1632 

10 

Alternativdy. an apertured plate constitutes the tissue treatment electrode, the apertures 
of the plate constituting the apertures through which vapour bubbles and/or particulate 
material can be aspirated. The outer surface of said plate may be formed with recesses 
adjacent to the apertures. The recesses trap v^ur pockets, and so reduce the 
5 vaporisation power threshold of the instrument. 

The tissue treatment electrode may be made of tungsten or of an alloy of tungsten or 
platinum. 

1 0 Preferably* the instrument further comprises a tube positioned within the instrumem shaft 
for connecting said apertures to the pump. The tube may be a multi-lumen tube, in which 
case it defines a plurality of channels, the diameter of each of said channels being at least 
equal to the diameter of the apertures: in the region of the tissue treatment electrode. 
Alternatively, the instrument further comprises a filter at the distal end of the tube. 

15 

The invention also provides: an^^ dectrode: unit- for/an^dectrosurgica^ for the 

treatmem of tissue in the presence of an dectricaOy^coi^ 
uiut contkprising a shaft havii^ at one end means for oonnecttm to an instrument ha^ 
and, moimted on the other end of the shaft, an dectrode assembiy comprising a tissue 

20 treatment electrode and a return dectrode which is dectrically insulated from the tissue 
treatment dectrode by means of an insulation member, the tissue treatment dectrode 
having an exposed end for treating tissue, and the return dectrode having a fhiid contact 
sur^u:e winch B spaced fit>m the tissue treatment dectrode in such a maimer as to define, 
in use, a conductive fluid path that con^>Ietes an electrical circuit between the tissue 

25 treatment electrode and the return dectrode, wherein the dectrode assembly is provided 
with a phirafity of apertines in the region of the tissue treatment dectrode^ through whids 
apertures vapour bubbles and/or paniculate material can be asimated from the region 
surrounding the tissue treatment dectrode. 

30 The invention Rmher provides dectrosurgicai apparatus compristi^ a radio frequency 
generator and an dectrosurgicai instrument forthe treatntent of tissue in the presence of 
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an dectrically-^XMriuctiw 

an dectrode assembly at one end of the shaft, the electrode assembly comprising a ussue 
treatment electrode and a return elearode which is dectrically insulated from the tissue . 
treatment dearodc by means of an insulation member, the tisaie treatment electrode 

5 having an exposed end for treating tissue, and the return dectrode having a fluid contaa 
sur&ce which is spaced from the tissue treatmem dectrode in such a manner as to define, 
in use, a conductive fluid path that completes an dectrical circuit between the tissue 
u^eatmeni dearode and the return dectrode, and the radio frequency gcn^tor having a 
bipolar output connected to the dectrodcs, wherein the dectrode assembly is provided 

1 0 with a plurality of apertures in the region of the tissue ueaiment dectrode, through wKch 
apertures vapour bubbles and/or paniculate material can be aspirated from the region 
surroundmg the tissue treatment dectrode. 

The invention will now be described in greater detail by way of example, with reference 
1 5 to the drawings, in which:- 

Figure 1 15 a diagram showing an dectrosurgicai apparatus constructed in accordance with 
the invention; 

20 Figure 2 is a diagrammatic side devaiion of a first form of dearode uiai constnicied in 
accordance with the invention: 

Figure 3 U an enlarged view, looldngg in the direction of the arrow A of Figure 2, of part 
of the first fbnn of dectrode unit: and 

25 

Figures 4 to 6 are diagrammatic «dc dcvations of second, third and fourth forms of 
dectrode unit constructed in accordance with the invention. 

Rdcrring to tbedrawmgs. figure I shows dectrosurgical apparatus inchiding a generator 
30 I having an omput socket 2 providing a fBdiofrequcicy(^ 

cold 4, for an mstrurocm in the form of a handpiece 3. Activation of the generator 1 way 
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be perfonncd fiom the handpiece 3 via a control connection (not shown) in the cord 4, or 
by means of a footswitch unit 5 connected separately to the rear of the generator I by a 
fooiswitch connection cord 6 In the i!hjsirated embodimcm/the footswitch unit 5 has two 
fooiswitches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 
5 generator 1 respectively. The generator front panel has push buttons 7a and 7b for 
respectively setting desiccation and vaporisation power levels, which arc indicated in a 
display 8. Push buttons 9 are provided as an akemative means for selection bttween the 
desiccation and vaporisation modes. 

10 The handpiece 3 mourns a detachable electrode unit E, such as the electrode units El to E4 
to be described below. 

Figure 2 shows the first form of elcctrt)de unit El for d«achable fastening to the 
dcctrosurgical instrument handjwece 3, the electrode unit comprising a shaft 10. which is 
1 5 constituted by a semi-flexible tube made of Unless, stedvor phynox electroplated in 
copper or goM. with an dcctrodeTasseitWy 12 at a distal end thereof At the other end (not 
shown) of the shaft 1 0, means. are providcd for connecting the^electrode unit El to the 
handpiece 3 both mechanically and dectrically. 

20 The RF generator I (not shown in Figure 2) delivers an dcctrosurgical current to the 
dectrode assembly 1 2. The generator 1 includes means for varying the delivered output 
power to suit <fifferem dectrosurgical requirements. The generator may be as described in 
the specification of our European Patent Application 96304558.8. 

25 The dectrode omte 'mdudcs an active (tissue trealmem) dectrode 14 wW 

by a curved fenestrated plate made of mngstcn or an aUoy of tui^sten or platimmi. The 
active dectrode 1 4 is formed with a phmiEty of fenestrations 1 4a. and Uic rtpom 14b of 
the aaivc dectrode adjacent to the fenestrations define cup-shaped recesses (see Figure 
3). The aaive dectrode 14 is connected to the RF generator I via an insulated central 

30 copper conductor (not shown) A ceramic insulation sleeve 16 surrounds U>e central 
conductor, tins active dectrode 14 extendir^ laterally thercfinom through a cut-out 16a. A 
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polytcirafluoroethylene. a pohrolefi""- « polyester or ethylene tetrafluoroethylene) 
surrounds the proxinial portion of the shaft adjacent to the return elcatode 1 8. The renim 
elearode 1 8 is formed with a hood-like extei»ion 18a which extends over the suitace=bf 
the sleex-e 16 Av-hich is opposite to the cut-out 16a. The dearodc unit El can. thus, provide 
5 maximum tissue engagement for shaUow workinu angle applications, and is known as a 
side-effect electrode. 

Ttts electrosunpcal insaument is particulariy useful for rapid tissue debulking. One of the 
problems which could be encountered when tissue is rapidly debulkcd using an 

1 0 arthroscopic electrode configuration, particulariy when working in smaD joint spaces, is 
the production of vapour bubbles generated as an end product of tissue vaporisation. Such 
bubbles obscure vision; and can coalesce at the site. of tissue application, so that the 
electrical circuit between the aaive and return electrodes becomes compromised by the 
absence of conduaive fluid, lir^ar active electrodes having filamenuiy, mesh or coiled 

1 5 spring fomis go some way to solving this problentias>they. reduce the vaporisation 
threshold as" disclosed ?mKAr spedfication ,o^^ 

GB97i'00065 .Another advantage of these electrode forms- is^thatthe bubbles generated, 
by vaporisation are smaBer than those formed by solid electrodes. As the brush electrode 
14 of this dectrosurgical instrument is of irregular shapci it also has the advantage of 

20 producing rclaiK ely small vapour bubbles as ihc product of tissue vaporisation. The 
production of vapour bubbles is. however, further reduced as a result of the lower 
threshold power of vapoiisation which results from use of the electrode unit El. This 
improvement resulu from the hood-tike eaension I8a of the return electrode 18 which 
extends over the back of the active electrode 14. TWs reduces the $epar«ion between the 

25 active electrode 14 and the renirn electrode 18. thereby reducing the electrical field and the 

vaporisation threshold power of the active electrode This enhances the speed of 
vaporisation of the tissue at a tower ptjwer than would otherwise be required 
active electiode area, and hence reduces the formation of vapour bubbles. ^ 
extension 18a extends along the entire length of the active electrode 14. a large active 
30 elearode aze can be supported. des|me the reduction in electrode separation. 
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1 8a extends along the ottire lenglh of the active electrode 14. a targe active electrode Me 
can be supported^ despite the reduaion in electrode separation. 

In order to reduce llmho^ the proWems of vapour bubble production, the electrode unit El 
5 is provided with a suction pun^ (not shown) which can remove vapour bubbles via the 
shaft of the insimmem through the fenestrations 14a in the active electrode 14 This 
enhances the dimination of vapour bubbles from an operation ate, which is particularly 
advantageous during aggressive tissue debulking. The suction pump must be controUed so 
that the flow of bubbles through the electrode 14 is balanced to the voltage output 

10 characteristics of the RF goierator 1 to prevent excessive cooling of the active electrode 
and a resuhant increase in its vaporisation power threshold. The thermal mass of the 
fenesnrated active electrode 14 i5;lower than that of a solid form active electrode, and this 
asosts in rapidly re-establishing the vapour pocket around the active dectrodc should this 
collapse foDowii^ excessive cooling. The cu{>-shaped recesses 14b in the active dectrode 

15 14 hdp to maintain the vapouT: pocket by retaining saline despite the fluid flow caused by 
the aspiration of the suction .pump; The trapped saline absorbs energy; and so is vaporised 
in preference to the saline in the fluid flow caused by the aspiration. 

The robustness of the electrode assembly 12 is also importam in anhroscopi^^ 
20 because of the tendency of surgeons to use an elearode assembly as a cold manipulalor. 
aiKi because of the rigid nature of the tissue to be treated - particulariy bone and cartilage. 
The hood-Ske extension 18a adds mechanical strei^ to the electrode assembly 12, as it 
extends over the ceramic insulation sleeve 16« thereby reducii^ the ri^ of ceramic firactiire 
atd potential breakdown of insulation. 

25 

The electrode imit £1 is imended primarily for use in arthroscopic surgery which requires 
rapid tissue debulking by vaporisatioa. In use, the dectrosurglcal instrument is manipulated 
to introduce the electrode assembly 12 into a sdected operation she (for example; within 
the jotm space of a knee), so that the dectrode 14 contacts the tissue to be treated, and 
30 with the tissue and the elearode assembly hnmersed in saline. 
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The footswhch 5b (or the push button 7b) is then operated to set the required power level 
for vaporisation. The generator I then provides sufficient RF power to the electrode 
assembly 12 to vaporise the safine surrounding the diectrode 14. and to maintain a vapour 
pocket surrounding this elearode. Using a brushing technique, with firm pressure against 
5 the tissue surfBCg. rapid ddxiDdng of the tissue is achieved. Gently touching the tissue will 
reduce the e&ct, and can be used to sculpture and smooth the residual tissue surface. With 
tissue et^agemem, provided the geometry of the active electrode 14 is appropriate for the 
application, the flow of irrigant through the active electrode will be reduced, the amount 
of reduction depending on the nature of the tissite sur&ce, the application pressure and the 

1 0 suction pressure. Speed of debulking wilt therefore, depend on these variables. Once the 
vaporisation occurs, the products will indude vapour bubbles, carbon particles and tissue 
debris. AJi of these products are removed from the region of the aaion dectrode 14 by 
aspiration caused by the suction pump. The fenestrations 14a are positioned so that 
vaporised tissue is drawn into the instrument, and then evacuated through the nistrument 

1 5 shaft 1 0, by the aspiration of the suction pump. 

The dectrodeunit B b also very dfective ia removii^ heated sd^^^ fluid) from 

within a joint cavity. The risk of hot (fistension fluid occurs primarily during power 
application to reach the vaporisation, threshold. Once: the threshold has been reached, the 
20 power requirement falls by 30-50%. 

Whilst aspiration through the aaive dectrode 14 will remove heated saline from the body 
cavity, and remove any risk of overheatmg through prolonged activation under conditions 
where the vaporisation threshold is ncH reached, the cooling efifect and disruption of vapour 

25 pockets created arourul the active dectrode will increase the vaporisation threshold. A 
vicious cyde can, therefore, be created, wherein the more suction appfied through the 
dectrode 14, the more power required to rcadi the vaporisation threshokl, and the greats 
the risk of heating. The other flutor influeodiig the vaporisation threshok! is the ratio of 
return active contact area, and the tnsulatkxi separation between the two dcctrodes 14 and 

30 18. The size of the active dearode 14 and the insulation separation must, therefore, be 
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reduced to the miniimim necessary to achieve the function in order to offset the effects of 
aspiration in elevating the power threshold of vaporisation. 

ii 

The specificatton of our International Patent Application GB97/00065 discloses techniques 
5 for controtling the vaporisation threshold by employing active electrode designs which 
assist in capturing vapour pockets and preventing cooling of the active electrode 
application site by screening from the flow of irrigam provided by channels in an 
endoscope. The fenestrated electrode 14 of Figure 2, which is remimsccnt of a grater in 
winch the holes are punched outwards from the inside, provides both the aspiration boles 
10 14a and the areas 14b where the vapour pockeu may be trapped, to reduce the 
vaporisation power threshold. 

An alternative or supplementary method of reducing the vaporisation power threshold is 
to pulse the suction pressure, thereby allowing the threshold to be attained between pulses. 
1 5 Such pulses nruy be synchronised with the output features of the RF generator I, both for 
safety reasons (if there is an occhision of the sucik)n'diannd)^^and:to pr^ power bursts 
during acttve.sucuon to sustain :the vapourrpocket; and:dear any tis^ 
fenestrations 14a in the aaive electrode 14. 

20 A known technique in arthroscopic surgery is to apply suction through a mechanicaL 
tissue-nibbfing device, so that soft tissue present in the joint space^ such as the infopatellar 
fat pad, can be hekl in position within the nibbler jaws by suction whilst it is progressively 
"nibbled* away. 

25 Attractii^ tissue to the active electrode 14 of the electrode unit El has a similar effect as, 
for the reasons already given above, compliant tissue adhering to the active electrode wiD 
resuh in a reduction of the vapmsation power threshold. Adherem tissue will be rafridly 
vaporised, and smafl tissue particles produced during vaporisation will l>e aspirated from 
the application site. 
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Because of its speed of debulking and side-^ect configuration, the dectrode unit Ei also 
has advantages in urdogical surgery as an EVAP technique for use in coquncdon with a 
resectoscope. A resectoscope electrode unit is introduced very dHTereaUy, in that it is 
mounted on an endoscope prior to pass^e of the assembled instniment through a working 
5 sheath introduced via the urethra. The proximal end of the dectrode unit is connected to 
a trigger assembly and an dearical contaa which is tnt^ral with the res^oscope. By this 
means, the electrode unit El can be moved back and forth through a d^ned range of 
motion by operating the trigger mechanism. As the dectrode unit El is assembled prior to 
introduction, the size of the tip is not constrained by working channd dimensions, but 

10 rather by the diam^er of the working sheath which can be up to 10 mm. Part of this 
diameter is occupied by the support wires to the dectrode unit El. which wires are 
comroonl>' beni in a dov^mward angle, vwth respect to the crKtoscopic image, to the workmg 
lip, so that they do not interfere with either visualisation or its operation; The dectrode 14 
can have a length lying within the range of firom 3 mm to 4 mm and a width lying in the 

15 range of firom 2 mm to I fnnu and this size isncc^ surgery ^ven that, 

on average, 20-30 grams-of prostate, tissue must be removed. 

Because of the reservoir effect of the urinary bladder, and the mounting of the endoscope 
to view the tip of the active dectrode 14 fi^m bdow, bubble generation during 
20 vaporisation is less of a problem during endoscopic urobgy, as the bubbles flow away from 
die endoscope to accumulate in the bladder. Neverthdess, the use of the dectrode unit El 
substantially reduces the possibility of bubble generation causing problems. 

Although the dearode unit £1 is intended fmmarily for use in the vaporisation of tissue, 
25 it can also be used for desiccation, particularly of synovial membranes or to separate 
musde attachments. In tUscase, once the dectrode assembly 12 has been mtroduced into 
a selected operation site, the RF generator 1 is actuated using the footswttch 5a or the 
push button 7a to set the required power levd for desiccation. The generator 1 will then 
provkle sufiEtdent RF power to the dectrode assen^ly 1 2 to maintain the saline adjacent 
30 to the fenestrated dectrode 14 substantially at hsboiting point without creating a 

pocket suiTounding diat decuode. The instrument can then be manipulated by moving the 
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electrode 14 across the surface of the tissue to be treated in a side-to-sidc "paiimng" 
technique. 

The electrode unit El can also be used for delivering a blended power output. This is 
5 achieved by automatically alternating the output of the RF generator 1 between the 
desiccation and vaporisation power levels, so that more haemostasis is produced then is 
possible in the vapcmsation mode. As a consequence, the speed of tissue debuUdng is 
reduced, but the increased haemostasis is useful when cutting or debuOdng vascular tissue 
structures. Altemattvely, the output of the RF generator 1 can be ptilsed at the vaporisation 
10 power level, without cycled aaivation of the defecation nKxle. This produces a less 
aggressive tissue vaporisation than occurs in the vaporisation mode, with a consequent 
reduction in both bubble formation and the risk of tissue charring. 

Figs 4 to 6 show electnxle units E2 to E4 which arc modified versions of the electrode unit 

1$ El. Accordingly, like reference mrnierals? will. be^-used>:for. like p 

modifKadons will be de$aibedWdetaitI:-lltus;i^the^aa^ve^dectrod^^ unit 
E2 is a coiled spring dectrode inoumed:withiatb&cm-om: l6a:i:Tbe coiM 
14 is made of tungsten or an alloy of tungsten or platinum, and its proximal end is 
conneaed to the RF generator 1: via an insulated central es 

20 The electrode unit E2 is. however, provided with fenestratk>ns 1 6b formed in the insulation 
sleeve 16, the fenestrations 16b bang positioned all around, and adjacem to» the active 
electrode 14. These fenestratk>ns I6b constitute the asjMration pathway for vapour bid>bles. 
tissue and debris to be extracted, thereby enhancing the esUbEshment of vapour pockets 
on the active electrode surface, and the induston of good vaporisation thresboM 

25l properties* whilst ensuring good extraction of heated saline. The fenestrations 16b are 
positioned sufificientty dose to the active dectrode 14 to ensiue that substantial^ all 
vaporised tissue is drawn into the instrument, and then evacuated througji the instiuznent 
shaft 1 0, by the aspiration of the suction pimip. In a modified version of this embodtroent, 
the adjacent turns of the coiled spring dectrode could define additional fenestraticms for 

30 assisting with the aspiration of vapour bubbles, carbon panldes and tissue debris. 
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The electrode unit E3 of Figure 5 has a *gratcr" active electrode 14 simiiar to that of 
Figures 2 and 3 The instnunent shaft 10 contains a multi-hjmen nibe 22 which defines a 
plurality of aspiration channels 24. The active electrode 14 is connected to the RF 
generator I by means of an insulated copper conductor 26. This embodiment has the 
S advantage that« if a bohis of saline obstructs one or more of the channels 24, vapour can 
still be aspirated through the residual **open** channels 24. In this case, the bore of each 
channel 24 must not be narrower than the fenestrations 14a m the active electrode 14, 
thereby preventing d>stniction of the channeb by particulate debris generated at the tissue 
application site. 

10 

The electrode uiut E4 of Figure 6 inchtdes a ai^e-himen tube 22 provided with an integral 
- filter 28 at the distal end thereof The fiher.28 prevents obstrucuon of the hmten tube 22 
by particulate dd>ris generated at the tissue application site. Alternatively, the filter 28 
could be formed integrally within the insulation sleeve 16 at the distal end of the tube 22. 
15 Again, the filter 28rcould comprise^ a n)eshthavmgairsmaU.^pott^^^ 
afiowitig de-gassing of the^vaporisatioa products^^v^st^aa^^ 
filter. In this:case,' gaseoiiS;:extraction will be facilitated:^^ 

single-lumen aspiration tube 22 can be constructed to withstand large vacuum pressures 
without collapsing: Here agaiii, the acdve dectrode 1 4iis connected to the R^^ 
20 1 by means of an insulated copper conductor 26. 

Each of the electrode units El to E4 has the additional advantage that the aspiration in the 
region of the active dectrode 14 restricts the flow of convection currents in the saline 
surrounding the electrode assembly 12. As the power threshold required to reach 

25 vaporisation is dependent on the power dissipation of the active electrode 14 aitd the flow 
characteristics around it, the power threshold is dependent upon the maximum rate of 
convection. Consequently, the restriction of the convection currents reduce the power 
threshold, and tins is advantageous as it enables the use of a cheaper RF generator, as well 
as avoiding problems such as disapation within the instrument, and catastrophic 

30 overheating of the active electrode. It also fadBtates control of the generator once 
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vaporisation commences. The imponance of power threshold of vaporisation is discussed 
in greater d^ in the specification of our International Patent Appfication GB97/00065. 

Another advantage of these electrode imits is that, in use, the active elearode )4 faces 
5 down, so that saline heated thereby rises to the return electrode 18. TWs leads to a 
reduction of impedance throughout the circuit, and hence to a reduction of the heat 
dissipation in the saline path. 

It win be apparent that modifications could be made to the embodiments described above. 
10 For example, the hunen tubes 22 of the embodiments of Figs 5 and 6 could be used with 
the electrode assen^ly 12 of Figure 4, that is to say with the fenestrated insulation sleeve 
embodiment. It would also be possible to make the insulation sleeve 16 of each . of the 
embodiments of a siliccm rubber (such as a stficone polyurethane), glass, a poiyimide or 
a thermoplastics material. 

15 

Throughout this spedfication^tfaefterih spuxrqT^^^o^ 
controlled vacuum source. 
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CLAIMS 

1 . An electrosurgical instntment for the treatment of tissue in the presence of an 
electncaJly-conductive fluid medium, the tnstiument comprising an instnmiem shaft, and 

S an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposed end for treating tissue, and the return electrode having a fluid contact 
sur&ce which is spaced from the tissue treatment electrode in sudi a manner as to define, 
10 in use, a conduaive fluid path that completes an electrical circuit between the tissue 
treatment electrode and the return dearode. wherein the electrode assembly is provided 
with a phiraliiy of apertures in the region of the tissiie^treatment electrode, through which 
apertures vapour bubbles and/or particulate material can be aspirated from the region 
surrounding the tissue treatment electrode. 

15 

2. An dectrosuigic^iristrtttnem;as:clatmed' in claim tJ^kfuither comprismg. ai pump for 
subjecting the. distal end portion of the instrument shait^ to: a sub-atmospheric pressure 
thereby to aspirate, in use, vapour bubbles and/or particulate material through said 
apertures from the region surrounding the tissue treatment electrode. 

20 

3 . An dectrosurgical instnmtent as daimed in daim 2. wherdn the pump is acti\'ated 
cyclically whereby matter is aspirated in a pulsed &shion. 

4. An dearosurgtcal instrument as dainted in daim 2 or daim 3, wherein the pump 
25 is activated only when the tissue treatment dectrode is powered for tissue vaporisation. 

5. An dectrosurgical instrument as claoned in any one of daims 2 to 4. further 
comprising an RF generator having a bipolar output connected to the tissue treatmem 
electrode and the return dectrode. 

30 
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6. An dectrosurgical instnnhent as datmed in daim 5, wherein the pump is controlled 
in dependence upon the voltage output characteristics of the RF generator. 

7. An elearosurgicai instrument as datmed in any one of claims 1 to 6, wherein the 
5 exposed end of the tissue treatment dectrode extends lateraOy through a cut-out provided 

in the insulation member at the distal end portion of the instrument, the fluid contact 
sur&ce of the return dectrode overiying the insulation member in the region of the ait*out. 

8. An dectrosurgical instrument as claimed in daim 7. wherein a single coiled filament 
1 0 constitutes the tissue treatment dearode. 

9. AndearosurgicaLinstrumemasdaimedindaim8;wheretn:saidaper^^^ 

in the insulation member, the apertures being positioned around; and adjacem to, the tissue 
treatment dectrode. 

15 

10. An dectrosiir^cat^instiuroentasdaiined^in:d^ns'ft^t>^^ 
has a diameter lymg within the range of from O.OS mm to : 1.0 mm. 

11. An dectrosur^cd iimmment as daimed in daim 7. wherdn an apertured plate 
20 constitutes the tissue ueatment dectrode, the apertures of the plate constituting the 

apertures through which vapour bubbles and/or paniculate material can be aspirated. 

1 2. An dectrosurgical instrument as claimed in daim II, wherdn the outer surftce of 
said plate is formed with recesses adjacent to the apertures. 

25 

13. An dectrosurgical instrument as daimed in any one of claims I to 12, wherein the 
tissue treatmem dectrode is made of tungsten. 

14. An dectrosurgical instrument is daimed in any one 'of dairos I to 12, wherein the 
30 tissue treatment dectrode b made of an alloy of tungsten or ptathmnt 
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15. An dearosui^caJiictnimcm as claimed in to 14 

when appendant to <:laim Z further comprising a tube positioned within the instrumem 
shaft for connecting said apertures to the pump. 

5 16. An electrosurgical insirumcni as claimed in claim 15. wiierein the tube is multi- 
lumen tube. 

17. An dectrosurgcal instrument as daimed in daim 16, wherein the multi-lumen tube 
defines a plurality of channels, the diamttcr of each of said channds bring at least equal 

1 0 to the diameter of the apertures in the r^n of the tissue treatment dectrodc. 

18. An dearosur^cal uisiiumcni as claimed in daim 1 5. further comprising a filter at 
the distal end of the tube. 

15 19: An dectrodc unit for an dcctroairsM instrumem 
presence of amdeciricallyK^ndttcthre^flttidtHiediu^^ 

having a one end means for connectioato an instrument handpiece, and, mounted on the 
other end of the shaft, an dectrodc assembly comprising a tissue treatment dectrodc and 
a return electrode which is dectrically insulated fi^om^A^ 
20 means of an insulation member, the tissue treatment dectrode ha\ing an exposed end for 
treating tissue, and the renim dectrode havti^ a fluid contact surface which is spaced from 
the tissue trcatmcm electrode in such a nranner as to define, in 

that completes an dcctrical drcuit between the tissue treatmem dectrode and the return 
dectrode, wherein the deOrode assembly is provided with a phiraBty of apertures in the 
25 region ofthc tissue treatment dertrode,Aroughwluch apertures 

particulate material can be aspirated from the re^on surrounding the tissue treatment 
dectrode. 



20 An dectrode unit as daimed in claim 1 9, fiirther comprisii^ a pump for sul^ecting 
30 the distal end portion of the instrument shaft to a sub-atmospheric pressure thereby to 



W097/4046 PCT/GB97/01632 

24 

aspirate, in use. vapour bubbtes and/or paitioilate material through said apertures from the 
region surrounding the tissue treatment electrode. 

21. An electrode unit as clahned in claim 20, wherein the pump is aaivated cyclically 
5 whereby matter is aspirated in a pulsed fiishion. 

22. An elearode unit as claimed in daim 20 or daim 2U wherein the pump is activated 
only when the tissue treatment electrode is powered for tissue vaporisation 

10 23 . An dectrode unit as daimed in any one of claims 20 to 22« further comprising an 
RF generator having a bipolar output connected to the tissue treatment dectrode and the 
return electrode. 

24. An electrode unit as claimed in daim 23, wherdn the pump is controlled in 
1 5 dependence upon the voltage output charaaeristics of the RE generator. 

25. Electrosurgical. appanOus . comprising, a radio, frequency, ge^ and. an 
electrosur^cal instrument for the treatment of tissue in the presence of an dectrically- 
conductive fhiid medium, the instrument comprising an instrumem shaft and an dectrode 

20 assembly at one end of the shaft the dectrode assembly comprising a tissue treatment 
electrode and a return dectrode which is dectrically insulated from the tissue treatment 
electrode by means of an insulation mend>er, the tissue trcatmem dectrode having an 
exposed end for treating tissue, and the return electrode having a fhdd contact sur&ce 
wfttch is q[>aced from the tissue treatment dectrode in sudi a manner as to define, in use, 

25 a conductive fliud path that completes an dectrical drcuit between the tissue treatmem 
dectrode and the remro dectrode. and the radio frequency generator having a bipolar 
output conneaed to the dectrodes« wherein the dectrode assembly is provided with a 
plurality of apertures in the re^on of the tissue treatment dectrode. throu^ which 
apertures vapour bubbles and/or particulate materid can be aspirated from the r^on 

30 surrounding the tissue treatmem dectrode. 
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26. Elecirosurgical apparatus as claimed in daim 25, further comprising a pump for 
subjecting the distal end portion of the mstrumcnt shaft to a sub-atmospheric pressure 
thereby to aspirate, in use, vapour bubbles and/or particulate material through said 
apertures from the region surrounding the tissue treatment electrode. 

5 

27 Elecirosurgical apparatus as claimed in daim 26. wherein the pump is acti\-atcd 
cydically whereby matter is aspirated in a pulsed feshion. 

28. Dearosurwcal apparatus as claimed in daim 26 or daim 27, wherein the pump is 
1 0 activated onW when the tissue treatment dcdrode is powered for tissue vaporisation. 



29 Hecirosurgical apparatus as claimed in daim 28, wberdn the pump is controlled 
in dependence upon the voltoge output charaaeristics of the RF generator. 
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